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The purpose of this study is to compare the time-course changes in condylar long axis 
and skeletal stability after sagittal split ramus osteotomy (SSRO) with bicortical plate 
fixation versus monocortical plate fixation.  
Patients and Methods: 
Of 40 Japanese patients diagnosed of mandibular prognathism, 20 underwent SSRO 
with bicortical plate fixation using a locking plate system, while the other 20 underwent 
SSRO with monocortical plate fixation using a conventional plate system. The time-course 
changes in condylar long axis and skeletal stability were assessed by axial, frontal, and 
lateral cephalograms.  
Results:  
There were significant differences between the two groups in the change of left condyle 
angle between initial and 1 month (P=0.0454) and ANB between 1 and 3 months 
(P=0.0206); however, there were no significant differences between the two groups in the 
other measurements in each time interval. 
Conclusion:  
This study suggested that there were no significant differences in postoperative 
time-course changes between bicortical plate fixation using a locking plate system and 
monocortical plate fixation using a conventional plate system.
   The use of rigid fixation of bony segments in orthognathic surgery has become the 
standard of care. There are several reasons for this change, including shorter hospital stays 
and patient convenience.1  
Regarding the comparison between plates and positional screws, several authors have 
suggested that plates used to stabilize the fragments may have an advantage over bicortical 
screws because they may minimize rotation of mandibular condyles.2,3 Blomqvist and 
Isaksson4 compared short-term stability in two groups of patients who underwent 
mandibular advancement using either three bicortical positional screws or monocortical 
screws and plates. They noted that there was no difference in the stability between the two 
groups. Both showed instability the further the mandible was advanced. Choi, et al.,5 
reported that there was no significant difference between miniplate fixation and bicortical 
screw fixation in setback surgery. 
On the other hand, one significant  development that has taken place recently is the 
locking screw plate, which has taken various forms over the last few years.6-9 The locking 
design in the plate prevents screw migration out of the bone by maintaining screw-plate 
integrity, creating a more rigid system and potentially improved plate performance. Even if 
some bone resorbs from the undersurface of the plate, the fixation should remain intact. The 
locking screw plate system reduces compressive forces between the undersurface of the 
plate and lateral bony cortex better than a conventional mandibular plate. However, there 
are no reports regarding the use of the locking screw plate system for orthognathic surgery. 
  The purpose of this study is to compare the time-course changes in condylar long axis 
and skeletal stability after sagittal split ramus osteotomy (SSRO) with bicortical plate 
fixation using a locking screw plate system versus monocortical plate fixation using a 
conventional plate system.  
 
 




Forty Japanese adults (13 men and 27 women) randomly selected in this study 
presenting with jaw deformities were diagnosed as mandibular prognathism. At the time of 
orthognathic surgery, the patients ranged in age from 15 to 39 years, with a mean age and 
standard deviation of 22.2±5.9 years. 
 
Surgery  
Of the 40 patients, 20 (men: 3, women: 17) underwent bilateral SSRO for correction of 
their mandibular deformities. Monocortical rigid fixation was achieved with miniplates and 
screws (long miniplate: 4 holes/burr 8mm thickness 1.0 mm and 4 screws (2×7 mm) 
Würzburg titanium miniplate system, Leibinger Co., Freiburg, Germany). The patients in 
the monocortical group ranged in age from 17 to 39 years, with a mean age and standard 
deviation of 21.7±5.6 years. The other 20 patients (men: 10, women: 10) underwent 
bilateral SSRO with bicortical rigid fixation (long miniplate: 4 holes burr 8mm thickness 
1.0mm and 4 screws (2×14 mm and 2×5 mm) Universal Mandible fixation module, Stryker 
Leibinger Co., Freiburg, Germany). Two screws on distal segment were monocortical 
fixation, and two screws on proximal segment were used bicortically as positional screws.  
Bicortical screws were placed at the posterior region to the second molar in the anterior 
ramus, so that the roots of teeth in the distal segment could be protected (Fig. 1). The 
patients in the bicortical group ranged in age from 15 to 35 years, with a mean age and 
standard deviation of 22.8±5.9 years. At the site of fixation, an osseous step was formed, 
depending on the amount of setback. Bent plates were used to maintain the condyle in its 
original position in both groups, so that a small gap remained between the bone fragments 
at the anterior part of the juncture site space in both fixation methods (Fig. 1).10 After 
several days of MMF, elastic was placed to maintain an ideal occlusion in the same manner 
in both groups. 
 
Cephalogram assessment   
   All patients underwent lateral, frontal and axial cephalograms to assess the skeletal 
changes before operation and at 1 month, 3 months, 6 months and 1 year postsurgery. (Figs. 
2 and 3).  
One skilled observer performed all digitization so that errors in the cephalometric 
method were small and acceptable for the purposes of this study. Error analysis by 
digitization and remeasurement of 10 randomly selected cases generated an average error of 




Statistical analysis     
 
Data were statistically analyzed with StatView software, version 4.5 (ABACUS Concepts, 
Inc., Berkeley, CA, USA) Each serial period was defined, and the differences between 
measurements were calculated as follows.  
T1: (Initial to 1 month) 
T2: (1 month to 3 months) 
T3: (3 months to 1 year)  
The data between the groups were then compared by a paired comparison method 




After surgery no patient experienced any wound infection or severe 
temporomandibular joint symptoms. The mean setback amount was 6.7±3.2 mm on the 
right side and 6.4±3.2 mm on the left side in the monocortical group and 7.7±4.6 mm on 
the right side and 8.3±3.5 mm on the left side in the bicortical group. Setback amount in 
the bicortical group tended to be larger than that in the monocortical group, although there 
was no significant difference. 
 
 There were significant differences between the two groups in left condyle angle in T1 
(P=0.0454) and ANB in T2 (P=0.0206); however, there were no significant differences 





Many different fixation techniques are commonly used in the clinical setting to stabilize 
osteotomies after bilateral SSRO. Generally, the use of plate and screw is considered as 
rigid fixation. However, Hammer, et al.,11 mentioned that monocortical osteosynthesis is 
not as rigid as bicortical osteosynthesis, and the excessive shear force stress, produced by 
compressive action of the masseter muscle to the osteotomy line, may transform the 
mandibular shape postoperatively.12 Fujioka, et al.,13 reported two unusual cases of 
complete breakage of the miniplates after sagittal split osteotomies; they also reported that 
postoperative mandibular shape tends to be more changeable in monocortical 
osteosynthesis. In the short postoperative period, it is understandable that monocortical 
miniplate fixation provides less stability than that with lag screw. Choung, et al.,14 
compared the mechanical characteristics of the mandible after SSRO through the use of two 
different techniques to stabilize osteotomy, using finite element computer model simulation. 
The results showed that 3 bicortical screws forming an inverted-L configuration offer more 
effective load transmission in the mandibular constrict than a curved titanium plate and 4 
monocortical screws. 
On the other hand, comparing the locking plate system and the conventional plate 
system, the theory of the locking screw plate system is that the integration of screw and 
plate will allow for more rigidity in the plating system, hence decreased fixation failure.15,16 
In addition, the design of the system allows for less critical adaptation of the plate to the 
bone surface, and the clinician is not dependent on the bone surface to completely stabilize 
the plate. Although this represents an advantage in fracture fixation, routine complications 
such as infection, plate or screw fracture, and nonunion can still occur.17-19 Both laboratory 
and animal models have shown the locking-type system to function just as well or better 
than the conventional plates with less critical plate adaptation or when bridging continuity 
defects.20-23 However, Chiodo, et al.,9 mentioned that no significant differences were found 
between the two types of mandibular plates in the laboratory model and that the type and 
degree of failure are more likely related to bone quality and surgical technique when using 
2-mm mandibular plate.  
 In an FE computer model reported by Choung, et al.,14 stress concentrations were found 
after simulated SSRO using a curved titanium plate and 4 monocortical screws. The highest 
level of stress concentration was found at proximal sites. In the bicortical group in the 
present study, we used two long screws at proximal sites bicortically. This was considered 
to be reasonable on the basis of the previous FE model simulation.  
When rigid fixation is used, changes in intercondylar angle and width after BSSO 
advancement or setback may influence TMJ function.24-29 Intercondylar width tends to 
decrease after mandibular setback and to increase after mandibular advancement. This trend 
becomes clearer with rigid fixation. A change in axial inclination involving either a medial 
or lateral rotation of the axis was found, with inward rotation more frequently occurring on 
mandibular retropositioning and with rigid-screw fixation. Consequently, mandibular 
advancement usually produces greater condylar displacement than mandibular setback. 
Furthermore, the technique used to promote osteosynthesis and the anteroposterior 
direction of movement of the distal (tooth bearing) segments seem to influence the 
direction and magnitude of condylar displacement. 
 A step frequently develops at the cortical bone between the anterior aspect of the 
proximal segment and distal segment. Such a step was also noted in the present study. The 
use of a bent plate can correct this problem. An advantage to the locking screw plate system 
is that the amount of stability provided across the osteotomy gap is greater than when 
standard nonlocking screws are used.15 Therefore, the locking plate system might be 
adequate for our plate bending technique. Moreover, the change from initial assessment to 1 
month after surgery in condylar long axis in the bicortical group was smaller than that of 
the monocortical group. This might be caused by our awareness that internal rotation of the 
condylar long axis in the bicortical group should be prevented more than in the 
monocortical group. This might result in a significant difference in left condyle angle in T1. 
There were no significant differences between the two groups in other measurements in 
T2 and T3, except for ANB in T3. It was unclear why a significant difference was found 
only in ANB in T3. However, we should interpret that as indicating no significant 
differences between the two groups in each serial period, although we expected that 
bicortical group using locking plate system was more rigid. This result might be affected by 
postoperative orthodontic treatment. 
In conclusion, the results of this study demonstrated that there was no significant 
difference in postoperative time-course changes between bicortical plate fixation using a 
locking plate system and monocortical plate fixation using a conventional plate system. 
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 Legends 
 
Fig. 1.  Schematic drawing of the procedure and fixation in the monocortical group. 
A)Monocortical group, B)Bicortical group. 
 
Fig. 2. Measurements in lateral cephalogram. 1: Pog-N parallel to SN, 2: Pog-N 
perpendicular to SN, 3: Gonial angle, 4: Ramus inclination. 
 
Fig. 3.  A) Measurements in frontal cephalogram. B) Measurements in axial cephalogram. 
 































Bicortical group T1 T2 T3
Mean SD Mean SD Mean SD
Right condyle angle           (dg) 0.0 -0.6 -0.2 5.0 -0.3 -1.0
Left condyle angle            (dg) -0.4 -1.8 -0.4 3.6 -0.2 0.3
Intercondylar axes angle      (dg) 0.5 -1.4 0.6 6.2 0.5 0.2
SNB                           (dg) -3.1 -1.3 0.5 2.3 0.0 -0.1
ANB                           (dg) 2.8 -0.6 0.0 2.1 -0.3 -0.7
Gonial angle                  (dg) -3.5 0.1 -0.1 3.3 0.0 0.6
Ramus inclination(FH)         (dg) 4.1 -0.2 0.7 4.1 -1.2 -0.2
Interincisal Angle            (dg) -0.1 8.0 -1.0 3.8 2.2 2.2
Pog-N Parallel to SN          (mm) -1.2 -3.4 -0.7 4.2 -0.6 -0.6
Pog-N Perpend to SN           (mm) -3.3 -0.5 -0.4 5.0 -0.5 -0.9
Occlusal Plane - SN           (dg) 0.6 -0.7 0.2 2.8 -0.5 0.4
Convexity                     (mm) 2.4 -0.9 0.1 1.9 -0.5 -0.5
Me-Ag Right                   (mm) -0.8 -1.5 -1.1 4.2 0.6 1.0
Me-Ag Left                    (mm) 0.7 -3.6 0.5 3.5 -1.5 -1.1
Monocortical group T1 T2 T3
Mean SD Mean SD Mean SD
Right condyle angle           (dg) 3.1 0.6 -0.5 4.5 -0.7 0.6
Left condyle angle            (dg) 3.0 1.8 1.1 5.8 0.9 1.0
Intercondylar axes angle      (dg) -6.1 1.5 -0.6 7.3 -1.5 2.7
SNB                           (dg) -2.9 -1.3 0.4 2.2 -0.1 -0.7
ANB                           (dg) 4.2 -0.8 -0.4 1.4 0.0 0.3
Gonial angle                  (dg) -2.4 -0.8 1.8 3.5 -0.1 -1.0
Ramus inclination(FH)         (dg) 3.5 0.1 -1.5 2.7 0.2 -1.0
Interincisal Angle            (dg) 2.7 7.6 -1.2 3.8 1.6 -0.3
Pog-N Parallel to SN          (mm) -1.9 -1.8 -0.4 2.3 -0.9 0.4
Pog-N Perpend to SN           (mm) -3.4 -0.8 0.4 2.5 1.3 -1.3
Occlusal Plane - SN           (dg) -2.1 -2.0 -0.4 2.5 -1.0 0.5
Convexity                     (mm) 3.8 -0.1 -0.2 1.7 -0.1 -0.4
Me-Ag Right                   (mm) -0.9 1.2 1.7 4.4 0.6 -0.5
Me-Ag Left                    (mm) -1.1 -1.2 1.8 5.1 0.1 0.1
